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multienergy electron source to simulate the ar ® a area, continuous-spectrum, 

the geosynchronous or^“.“J^S ;. tlle a "«gy (.1 to 30 kev) portion of 

charging tests using thls ^^tunergy sou^e iho^d 

th. descrepancles between predicted^— fjpSfff iSf * 


BACKGROUND 


Complex Interactions between a snaceorafp „v, 

can cause the deposition and redistribution of sienift su J; roundln S space environment 
charge on the exterior of conducting a^ lgs^Lg^r ?" a “° U " tS o£ electrical 
dielectric materials (ref, 1 ). * £n ® 3ur£aces and within exposed 

.er.e^f“gg t ggjLr^ggg: 8 pe P ^“g , lg n n 'T"*'* Merging, can ad- 

resulting local external static f {piste * umber of ways. For example, the 

field -sensitive l“g„tT“d cg'ge t““ree" « "L^lSdt ** •»*«*«- 

nants on critical thermal control solar gp M « ^ lo " nd de P°sition of contami- 
serious effects can occur u tL ri"w t fSli.' TL‘ “ ther ? ptlcal aatfa ces. More 
dielectric materials become large enoueh to ma etween adjacent surfaces or within 
The electric currents Seed g* gSrggld ^mfTT hreakdowns (ref. 2). 
cause local physical damage to external m, P chan 8 es in charge distribution can 
electromagnetic signals of suJficJ!^ •^?! , T 0ptl “ 1 Surfaces and «*diate 
electronic systems. amP tude t0 upset or possibly damage onboard 

able Se'dgeSSS ghe^!' 1 "!'^" haS bae " “ de “ l»«ease the avail- 
results of numerous ghgoretuglg“g!g .!!?!“ s P acecraft charging, and the 
limited ln-orblt- measurements nave been’publlshad * g*! 1 *! c0 “ p “ ter simulations, and 
ol interactions between actual ™™?!!. Unfortunately, the comblnetlon 

is toe complex to rS' ■“« "’ e raal sp ““ environment 

spacecraft response!, with S 3^“* 
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To date, iabovatary simulations of the charging and electrical-breakdown char- 
acteristics of typical spacecraft materials have been performed, by most agencies 
using conventional monoenergetic, thermionic (hot-fi lament) electron sources to ' ’ 

simulate the lower-energy (less than 40 keV), geosynchronous-orbit electron environ- 
iQont # 


**H^ tll0Ueh 1 themi<M ' lc i s ^ c ^ s are ideal for many applications, in general they 
exhibit several practical disadvantages for spacecraft charging studies, Including: 


• Cathode contamination-Most thermionic cathodes are readily contaminated by 
outgassing products from realistic spacecraft material test samples. 

• Poor beam uniformity-Achieving a large diameter beam with uniform current 
density is difficult. 


• Limited beam diameter at close range-Expanding the beam from most thermi- 
onic sources to cover a large area sample at close range is also difficult. 

• Interdependent beam characteristics— In particular, in a simple system, 
changing the beam current density or profile requires a complex electro- 
static lens system and a readjustment of lens and grid voltages. 

• Filament illumination— In some experiments, undesirable optical radiation from 
the heated cathode can alter the responses of the test-sample materials. 


Several years ago, SRI International developed an alternative type of electron 
Jt Sed A ? n u the I mu * ti P actor Phenomenon, for use in spacecraft charging studies 
irer. J,4). Although this basic source, shown schematically in- Figure l also 
produces a monoenergic electron beam, it eliminated many of the disadvantages of 
conventional thermionic systems. 


„ independent studies of the charging and discharging properties of space- 

craft materials have been performed using monoenergetic electron sources. Although 
the results of these independent laboratory tests have agreed reasonably well a 
number of discrepancies appeared between the test results and actual in-orbit ’obser- 
vations of electrical charging and discharge occurrences on operational spacecraft. 
For example, SRI International discharge detection instrumentation on a DSP satel-- 
lit. ..d o. Ch. P78-2 (SCATHA) .at.lllt. (alo.g with . full co.pl.m..t of other 
spacecraft-charging instruments), has indicated that electrical discharges (and, in 
some cases, resulting spacecraft anomalies) occur at times when they would not be 
expected according to the results of laboratory tests. This is not altogether 
surprising however, since the theory of dielectric charging predicts that the exact 
profiles of the internal charge distributions and, therefore, the magnitudes of the 

* *• decaiis 


ch f rgin8 J est ® performed using two separate monoenergetic electron 
guns at different energies have confirmed that, with just two discrete energies the 
(reJl.T?)' 8 differ 8 *8 n if leant !y from those obtained using a single^ene^sOu^ce 


. The primary objective of the laboratory research program discussed herein has 
been to develop a practical prototype, continuous-spectrum, multienergy electron 
source to simulate more precisely a significant portion of the lower4nergy in-orbit 
electron environment. The results of this work are described below. 
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BASIC MULTI ENERGY ELECTRON SOURCE CONCERT 


* ■“£“*' ra “ “»“■*'*“ dl “nnccfi within the material heforoMw 
wlU pass completely * through^the f oil* end “mergfLT mTSS 

t:tjz ^rLSLVfiS.** ~ re, - tic -‘protr 

s:5^ BHHS-3 STaJ~ , S r "r 

„ 

^tz sr.iiis s3Ln*s: r^rrr r ts - Ae 

?nrre isy, sstarsr jt- A ssiS? “- 

SRI T£j*! U r t0 C ?? se ln Fleure 2 were obtained in a series of tests at 

~“a £ 1 ^“e^r^rMri LlTA'S *“* 

1 iiSssSr 

Figure 3 shows a few examples of "typical" electron enorov j< e fwk *.* 
measured under various conditions in geosynchronous orbit /-Lf 7 fj?* ri J" tlons 
in this figure Is the eKpeceed u*JF KT ««™}ea ‘ £ J”' J?* ?* «”« 
current density decreases monotonlcally and suite rapIdw ilS iLrL.^ cl “ tro " 

extent° r bv n usinc , a t « iS ^^ erence in spectral form can be overcome, to a large 
extent, by using a specially prepared composite foil as illustrated in Flm.rf a 

gold through appropriate^masksbonto^ommercidll^availabl^alumini^^fil^substrates^ 

mWm's^s:m-= 

2T-S“ 

ar^^uis^ 

It is, in this way, possible to "tailor" the overall character of n™ - 


Significantly lower through the thicker metal layers, the production of a relatively 
flat or monotonlcally decreasing output energy spectrum required that the thicker 
roetallzed- layers cover a larger relative percentage of the total foil area. — 

A major- advantage of the multienergy beam production technique described above 
is that the composite foil, is a totally passive device, and therefore, no major 
modifications of the- monoenergetic electron source, other than mounting the foil 
accross the exit aperture, are required for multienergy operation. In addition, the 
energy spectrum of the source can he readily changed by physically interchanging 
foils, and, within a certain range, the energy ot the overall spectrum Can Le 
shifted up or down by changing the energy of the Incident beam. The source can also 
easily be converted for single-energy operation simply by replacing the composite 
foil-assembly with a standard wire-mesh accelerating grid. 

The successful results obtained in initial, small-scale tests of the composite 
foil concept formed a promising basis for the development, on this program, of a 
more practical, larger-beam-area, multienergy electron gun system. To accomplish 
this effort, however, it was necessary to devise new techniques for fabricating and 
mounting the composite foils. 

For example, to produce a broad output energy spectrum, a significant fraction 
of the input beam energy must be absorbed by the foil. Since metal films are rela- 
tively poor thermal radiators, the resulting heat is removed mainly by conduction to 
the mounting plate at the foil edges. 

In initial tests with a 20-keV incident beam energy, composite foils mounted 
across a 50-mm-diametet aperture performed satisfactorily with output current den- 
sities of 10 nA/cm 2 but were readily damaged by excessive heating with current 
densities 2 to 3 times higher. This problem was subsequently solved by mounting the 
composite foils between pairs of 0.06-in. -thick perforated aluminum plates that act 
as heat-sinks for the absorbed power. The holes in these plates arc small enough 
(0.19-in. -diameter) to allow sufficient heat conduction from the unsupported foil 
areas, and numerous enough (0.25 in. between, centers) to provide a 53% exposed foil 
area when properly aligned. With this mounting arrangement, it became possible to 
Increase the overall transmitted current density by at least a factor of five, with 
no detectable foil damage. In addition, the protection and support provided by 
these mounting plates makes handling and installation of the foils considerably 
easier. 

It was originally planned that larger area aluminum foils of this same thick- 
ness (0.75 iim) would be used as the basic composite foil substrate. However, upon 
careful examination, each of the available unused 50- and 75-mm-square foils was 
found to contain a number of small pinholes. Subsequent discussions with the manu- 
facturer of these foils, and with another foil supplier, indicated that it is not 
practical to produce such "large-area" foils of this thickness that are pinhole- 
free. These pinholes, if not covered by the mounting plates, would allow some 
uncontrollable, small portion of the incident beam to pass through the foil with 
little or no reduction in current density or energy. 

As a result of this discovery, the electron transmission properties of several 
alternative thin-fllm materials, known to be available in larger-area sheets, were 
measured in an attempt to identify a more suitable pinhole-free substrate material. 
These measurements were made using a scanning electron microscope (SEM) with incident 
beam energies ranging from 20 to 40 keV. With this instrument it was possible both 
to measure total electron transmission ratios and to examine the material samples 
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for pinholes, ir. waft quickly determined that the available pure metal foils that 
were thick enough to be pinhole-free were too thlek to transmit the required elec- 
tcon currents. However, the materials tested also included several thicknesses of 

'” d ,*i* r 1 ai "“ " Uh «“« SOW. or olivet Lm»b» on 1 or 

r ™ l of tleso materials, normally manufactured for use as thermal- 
. . 00 spacecraft, were found to transmit a reasonable fraction of the 

incident beam current. In addition, these materials arc available in largo sheets 

pWyTtSri«of Mh!’ “ 4 Maler “ h ' mdl ” th0 “- the P^’Wunly — 

siiX 1 *" 

samples metallized on both sides. This effect is most probably due to variations in 

and ^ X 5< r ? al electric flelds produced by the buildup of charge on and 
within the exposed dielectric surface. Further tests were therefore confined to 

thinT f t lm ^ " ltb both sldes metallized, since both of the outer metal layers can 
then be electrically grounded to eliminate external electric fields. It is also 
ely that the additional thermally conductive path provided by the second metal- 
lized surface Increases the foil-Ls power-handling ability. 

. ° f t i e 1 mat ®!;f als te ® ted ’ Teflon was ^ ound to be the most Susceptible to thermal 
Jr^'in I ^ t J”? P ?; f0rm " d SOmewhat better » «ith transmission efficiencies of up 
J 0_keV incident beam, but suffered increasing thermal degradation during 
relatively short periods of operation with- input current densities of a few \jA/tta 2& 

atut J h 7 C t nA iiS t i su ** ttate fterials also included 7.5-pm- thick aluminum-coated 
ht ? k 8°J d “ coated Kapton foils. The metal layer on each side of these 

Lllsr [fV 00 “ thick ‘ In S 3l - keV bea “* these materials transmitted 
damage. ** respectlvel y» of the 20-uA/cm incident beam current with no noticeable 

Poubly aluminized 7.5-om Kapton film was selected as the most appropriate 
composite-foil substrate material for the final tests on this program? die both to 
its higher electron transmission efficiency and because it is less expensive and 
more readily a/ailable than gold-coated Kapton film. 

In FiIIlre f f a ^hir?!i^I f ? i \ C ? fl8U,rat:l0n , deVel0ped ° n thls P ro 8 ram is illustrated 
igure 5. This figure (not drawn to scale) shows the pair of polished aluminum 

mounting plates that serve as a heat sink for the beam power absorbed by the foil. 

The actual metallization pattern, which differs from the pattern in Figure 5 

“* P ?5 C8 ° £ al "° St co “PWtely overlapping 10-ma-vlde, 0.2-«i - 
thick silver stripes on a 12-cm-square aluminized Kapton substrate with annroxl- 

iI o i- ^n S , le ”'n “'I! Palr of °' rerla ppl„ e stripes . This pattern results 
in 0.4 pm and- 0.2-um si-lver layers covering approximately 75% and 17%, respectively 

Exposed ?° tal f011 area> tl ‘ US leavine a PP roxl "»ately 8% of the aluminized substrate * 

* ] hG ® ea8U fed electron energy spectrum produced by this particular composite 
foil is shown in Figure 6. A "typical" electron energy spectrum measured durlnp a 

shoI^ 8 in Jhirf| t0ri " hy e the AT ®“ 5 8 P acecra ft in synchronous orbit (ref. 16) is llso 
oS « ll figure, for comparison. Since, with an incident electron beam energy 

«L!?v k /?’ the < ove ^ a11 transmission efficiency of this composite foil is approxi- 
mately 4%, an input current density of 250 nA/cm2 ls required to produce a total 
output current density of 10 nA/cm 2 . V a rocai 
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The largest substrate foil Size that could be conveniently processed In the 
vapor deposition- system available for use on this program was a 12~cm square. As a 
result,., the maximum exit diameter of the mult lenergy boom was limited to approxi- 
mately 10 cm. The aluminized- Kapton film used as the substrate, however, is rou- 
tinely manufactured in 100- f t rolls, with widths of up-to-3 ft. For most practical 
applications, the multienergy beam diameter is therefore limited mainly by the-size 
and total current capacity of the input current source 

(35-cm diameter iu the peasant system) and by the maximum usable dimensions of the 
metal deposition system used to fabricate the composite foil. 


CONCLUSION 


The simulation of the medium energy («1 to 40 keV) portion of the geosynchro- 
nous orbit electron environment for material and spacecraft testing requires a 
relatively large-area, uniform electron beam with a total current density, at the 
test object, of 10 nA/cro 2 or leas and, if possible, a realistic distribution of 
electron energies. This program has resulted in the design and construction of an 
electron source that meets these requirements. 

When operated in a monoenergetlc mode, this source produces exit current densi- 
ties Of up to 20 pA/cm 2 at beam energies up to 40 keV. A control grid permits 
adjustment of the beam current density over a range from 20 pA/crt 2 to less 
than 0.1 nA/cm 2 . 

In comparison with other types of electron sources used for spacecraft charging 
studies, the multipactor source is physically simple and easy to fabricate, produces 
reinlm-* 1 BYhorna l electric fields, and is less susceptible to cathode contamination. 

In addition, the basic monoenergetlc multipactor source produces a large-area 
electron beam directly, without complex electrostatic lenses, so that the beam 
characteristics are relatively independent of accelerating voltage. 

The major achievement of this program is the further development of the compos- 
ite scattering foil technique for converting a raonoenergetic electron beam to one 
containing a continuous, broad range of electron energies. 

The electron energy spectrum In Figure 6 is just one example of a wide range of 
spectra that could be obtained using other foil configurations. The illustrated 
spectrum was produced with an incident 33-keV monoenergetlc beam. For a given foil, 
the overall output energy range can, to some extent, be shifted up or down by chang- 
ing the input beam energy. 

The total output beam current density (i.e., Integrated over the entire energy 
spectrum) Is determined by the foil characteristics and by the energy and current 
density of the input beam. Since a large percentage of the incident beam power is 
absorbed by the foil, the maximum practical output current density is limited by the 
ability of the foil and its mounting to dissipate heat. With the present foil- 
mounting configuration, continuous operation for several hours with an output cur- 
rent density of 40 nA/cm 2 produced no noticeable foil damage. 

The basic monoenergetlc multipactor source Is ideally suited for conversion to 
multienergy operation, since the composite-foil assembly can be mounted directly 
across the large-area exit aperture, thus forming a single compact unit. In prin- 
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ciple, however, the composite-foil technique could be used w.th a conventional 
thermionic electron oource by mounting the fell assembly at an appropriate distance 
from the source in the diverging monoenergetic beam. 


SUGGESTED APPLICATIONS AND FURTHER DEVELOPMENT 


The basic raonoenergetie multipactor electron source cat. used in place nf a 
conventional thermionic source In single-energy, matorial-dnargirtg studios a./ti iu 
support of Simpi: fird analytical and modeling efforts. The large-area, col I' m™ ted 
electron beam produced at the exit aperture makes it. possible to irradiate r,‘ i 
tively large targets at short range in a small vacuum chamber- test facility. 

Although the present source produces a beam of circular cross-section for 
special applications, it is possible to change the shape of the output beam by 
placing a mask over the exit aperture or by fabricating a similar system with a 
noncylindrical geometry. Because of the overall mechanical and electrical simpli- 
city of the multipactor electron source eonevpt, ma:iy design configurations are 
possible and can be fabricated using readily available* basic shop materials. 

Earlier experiments at SRI indicate that, W'** »ome simple modifications, it 
should be possible to convert the bas?" mult; r.i< A or system from an electron source 
to an ion source. In these expert#*? • nitrogen gas was irjected at a low rate 
into the multipactor regior. between zhe cathode plates. The gas was thereby ionised 
by multiple collisions with the oscillating electron cloud, and the resulting posi- 
tive ions were extracted by -eversing the polarity of the high-voltage accelerating 
power supply. Although few quantitative measurements were made in these early 
tests, it appears that, with some further development, the basic multipactor system 
could serve as a practical source of both ions and electrons. In addition to its 
usefulness in spacecraft charging studies, the multipactor electron or ion source 
may have applications in a variety of material-processing applications. 


The development of the continuous multienergy electron beam generation tech- 
nique is a major advance in our ability to simulate more realistically the lower- 
energy, in-orbit electron environment. The results of future materials-charging 
tests using this multienergy source should significantly improve our understanding 
of actual in-orbit charging processes and should resolve some of the discrepancies 
between predicted and observed spacecraft materials performance. 
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Figure 3. - Typical geosynchronous electron current densities. 
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Figure 4. - Composite-foil concept. 
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